Tuberculosis treatment has undergone recent changes in Brazil. Objective. To assess whether favorable outcomes on tuberculosis therapy improved in recent years. Methods. Retrospective observational study, based on primary data of tuberculosis patients, followed at INI-FIOCRUZ, from January 2012 to December 2014. Results. The outcomes observed were as follows: cure (80%), default (14%), treatment failure (5%), and death (1%). HIV infection without antiretroviral therapy ], reduced the chance of treatment default. Tuberculosis diagnosis based on sputum smear ] and/or arterial hypertension )] was associated with treatment failure. Conclusion. Mortality and default were low considering the prevalence of HIV infection; however cure was not significantly increased.
Introduction
Tuberculosis (TB) is still a challenge in developing countries. Brazil is one of the 22 countries with the highest number of TB cases and the 16th in the world in absolute number of cases [1] . In 2014, 67,966 new cases were diagnosed and 4,577 subjects died of TB in Brazil. At this year, default rate was 10,5% and cure rate was 72,8% [2] .
Between 1979 and 2009, the Brazilian Ministry of Health recommended a standard first-line TB treatment with rifampicin, isoniazid, and pyrazinamide in the intensive phase [3] . At that time, Brazil was among the five countries in the world still using a 3-drug regimen for TB because primary resistance to rifampicin and isoniazid was just 1% in the country [4] .
After 2009, the Brazilian Ministry of Health released an update with changes on TB treatment [4] . The first change was the inclusion of the 4th drug (ethambutol) in the intensive phase of therapy. This change was justified by an increase in rifampicin and isoniazid primary resistance detected during the preliminary analysis of the 2nd Brazilian resistance survey. The second change was the adoption of WHO prequalified four-drug and two-drug fixed-dose combination (FDC) pills, with a recommendation to use a daily dose of rifampicin 600 mg, isoniazid 300 mg, pyrazinamide 1,600 mg, and ethambutol 1,100 mg in the first two months (for people with more than 50 kg) of TB treatment, followed by rifampicin 600 mg and isoniazid 300 mg in the last 4 months, thus reducing dosages previously used. TB treatment with FDC pills was already recommended by World Health Organization (WHO) at that time, since there were evidences of a similar efficacy, sputum conversion, cure, and relapse rates, with operational and logistic advantages. Other update in Brazil was the availability of Rifabutin in the public health network, allowing TB/HIV patients requiring Protease Inhibitors (PI) based antiretroviral treatment to use a rifamycin as part of TB regimen [5] .
Brazilian updates were implemented recently and studies regarding the impact of such strategies in therapeutic outcomes are scarce, do not address all the outcomes, were done with few HIV-TB patients, or were conducted with secondary data [6] . The aim of this study was to estimate TB treatment outcomes (cure, treatment default, treatment failure, and death) and to identify factors associated with each of them in a cohort of TB patients followed between 2010 and 2014.
Methods

Inclusion Criteria.
The inclusion criteria included the following: (a) TB diagnosis (see below), (b) TB treatment fully conducted at INI/FIOCRUZ between 2010 and 2014, and (c) being 18 years old or older.
Exclusion Criteria.
The exclusion criteria included the following: (a) death within the first 15 days of treatment, (b) treatment default during the first 30 days after treatment initiation, (c) change of TB diagnosis during treatment, (d) transfer to other health unit, or (e) unknown treatment outcome.
2.3.
Design. This is a retrospective observational study, based on secondary data of a prospective ongoing cohort study conducted at the same site. This prospective study was approved by the Committee on Ethics in Research of INI-FIOCRUZ and a written informed consent form was assigned by all participant patients [7] .
Definitions
Tuberculosis Diagnosis.
Positive culture for M. tuberculosis or improvement of clinical signs and symptoms of TB, excluding other diseases, with or without a positive acid fast bacilli smear was an indication for a tuberculosis diagnosis.
Treatment Failure
(i) Microbiological: a positive sputum acid fast smear or culture at 5th month of TB treatment or later.
(ii) Clinical: symptoms and signs of TB present at the 5th month of TB treatment and radiologic evidence of TB activity Curve (ROC), and 2 were estimated to allow goodness of fit interpretations.
Results
Three hundred and five subjects were screened, but 26 were excluded, staying 279 patients in the study ( Figure 1 ). The mean age (standard deviation) was 40.32 (15.19) years. There were just a few more men (56%) than women. The majority of patients had monthly income below tree minimum wages (70,6%). The predominant clinical form of TB was pulmonary and most of the participants attended secondary school (Table 1) . HIV infection was diagnosed in 68 (24%) patients and 39 patients (57%) used antiretroviral during TB treatment ( Table 2) . Most of TB cases were confirmed by culture (Table 2) . (Table 3) .
Treatment Default.
The risk of treatment of default in the study period was 14%. Table 4 shows that (a) a low education level, (b) use of noninjecting drugs, and (c) treatment interrupted by adverse reactions increased the chance of treatment default and that (d) older age and (e) female sex reduced this chance. The logistic model showed good discrimination with a ROC AUC of 0.81 and an 2 of 0.29.
Treatment Failure.
The rate of treatment failure was 5%.
Patients with (a) TB confirmed only by smear or (b) systemic hypertension had an increased chance of treatment failure (Table 5 ). The logistic model for treatment failure showed reasonable to poor discrimination with a ROC AUC of 0.65 and an 2 of 0.15.
Death.
The risk of death in the study period was 1%.
Three patients died and all of them were HIV positive. It was not possible to explore potential death predictors due to the very low number of deaths.
Discussion
The main results related to TB treatment outcomes are discussed below.
Mortality.
Our study showed a low TB mortality considering that we had HIV-infected patients among TB cases.
A study was conducted previously in the same site with a mortality of 6% [8] . A higher number of patients treated with HAART and TB regimens including rifamycins could explain this favorable outcome in the study period. Also, in the last 10 years, there were more social programs like Brazilian cash transfer programme (Bolsa Família Programme, BFP) in Brazilian states, including Rio de Janeiro [9] . BFP has two main objectives: transferring incomes to poor families and improving access to education and health care. Families with a monthly per capita income below US$70 are able to receive the benefit. This programme was associated with a reduction in TB incidence rate [10] and improved TB cure rate in Brazil [11] . Therefore, this cash transfer programme could have contributed to a mortality decrease observed in the present study.
A recent study performed in basic health units in Rio de Janeiro and Manaus to evaluate the performance of Xpert MTB/RIF detected a low TB attributable mortality when TB diagnosis was done by Xpert MTB/RIF instead of sputum smear [12] . We found a higher chance of treatment failure when TB diagnosis was based only on the smear results. This exam does not allow mycobacteria identification and drug sensitivity test performance which could result in misdiagnosis and makes treatment adequacy for microbiological resistance impossible. The adoption of Xpert MTB/RIF in the public network will allow MTB identification and, in addition, early detection of rifampicin resistance. This will probably increase the number of accurate TB diagnoses, which could decrease mortality associated with the disease.
4.2.
Cure. TB diagnosis only by a positive smear was associated with another unfavorable outcome, a decreased chance of cure. These patients could have a disease caused by other non-TB mycobacteria or resistant MTB, thus leading to an inadequate treatment. Noninjectable drug users and patients with adverse reactions also had a lower chance of TB cure, probably because of a high default rate. HIV patients without ARV use during TB treatment had a higher mortality, therefore a worst cure rate.
Default. Lifestyle is a very important issue in the modern
world and drug use is a choice made by some patients. Recently, illicit crack (cigarettes) commercialization started in Brazilian states. As it is not very expensive and a highly addictive drug, it became widespread throughout the biggest cities. In our study, noninjectable drug users were associated with therapy default. However, it was classified as a group, without the information of what type of drug was used. In a previous period, when crack was less available in Brazil, noninjectable drug users were not associated with treatment default. Male gender and younger age were also predictors of low adherence. This was also found in a study of factors influencing TB treatment default conducted in Africa [13] . Therefore, efforts should be concentrated in men and young patients to achieve a better treatment adherence since default is the worst problem when the aim is to achieve TB cure. 
Treatment Failure.
Evidence regarding the impact of FDC on treatment failure is scarce. However, a meta-analysis pointed out that FDC is not superior compared to individualized TB drugs administration to prevent treatment failure or disease relapse [14] . Another study published after this meta-analysis also suggested that FDC regimen may have performed slightly less well than separated drugs [15] . Additionally, FDC adopts lower dosages of drugs when compared to individualized formulations recommended by previous Brazilian guidelines [4] . It is possible that FDC and failure are not directly related, since the motivation for FDC adoption in Brazil was the inclusion of a 4th drug (ethambutol) to optimize TB treatment because MTB rifampicin primary resistance had raised. Another explanation already pointed out that the meta-analysis could be a reduced bioavailability of FDC pills when compared to individualized TB drugs.
In our study, a few patients failed TB treatment and most of them had TB diagnosis based only on smear results (no culture available). These could represent cases of non-TB mycobacteria diseases or MTB resistant to one or more drugs used. Those cases could have been diagnosed by rapid tests which are able to identify MTB and to give rifampicin resistance result allowing a more effective TB therapy.
Systemic hypertension was another factor associated with treatment failure and it is not explained by the condition itself. Nevertheless, this is the first study to our knowledge that reports systemic hypertension as a risk factor for failure. Further studies have to be done to better understand this result.
Limitations of the Study.
Mortality was too low to explore potential predictors of death; however, death decrease is an important information to be considered along with recent studies performed in Rio de Janeiro that also reported lower TB mortality.
Another important point that should be considered is that INI is a peculiar health care unit, with several particular characteristics which are not representative of the whole Brazilian Health System in terms of HIV prevalence, diagnostic resources, standard protocols, and data collection.
Conclusion
Mortality and treatment default improved in recent years but this was not associated with an increased cure rate. Failure is still significant and associated with no MTB identification and systemic hypertension, which should be confirmed in further studies. Females, older subjects, and nondrug users are expected to have better outcomes, as patients with TB are diagnosed by culture and without hypertension.
Actions directed to improve treatment default have to be addressed including programs to noninjectable drug young men users. Hypertension programs could investigate possible drug interactions in patients treating for both diseases to find possible causes of TB treatment failure in hypertensive patients.
Additional Points
Main Contributions of the Study. (a) Tuberculosis (TB) mortality was low between 2010 and 2014. This result was attributed to an increased number of patients on TB treatment and a more frequent HAART use during TB treatment in HIV patients. These changes coincided with Rifabutin adoption to allow different Protease Inhibitors use concomitant to TB treatment and the adoption of RHZE in fixeddose combination (FDC) pills for tuberculosis treatment as recommended by WHO. This was also a period of government interventions, including social programs as "Bolsa Família," particularly in Rio de Janeiro. (b) Nevertheless, the decrease in death and treatment default rates were followed by an increase in treatment failure. Higher failure risk was observed in patients who had systemic hypertension and those with TB diagnosis based only on acid fast smear (without culture results), which could represent Mycobacterium tuberculosis misdiagnosis or a microbiological resistance not detected. This result shows how it is important to have a TB diagnosis confirmation with sensitivity test done. (c) Adverse reactions were associated with therapy default and noninjectable drug users became an important risk group for treatment abandonment, not observed in a previous study conducted by our group. Crack recently entered in Brazil and became a new challenge. New approaches and innovative actions are being done; however, drug addiction is difficult to treat, is predisposed to TB treatment default, and allows Mycobacterium tuberculosis propagation.
Conflicts of Interest
The authors do not have any conflicts of interest to declare.
